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INTRODUCTION 
Near-field microwave imaging of composite structures has received considerable 
attention recently. The success achieved on the experimental level motivated the development 
of a theoretical model to describe the high quality images obtained using near-field 
microwave imaging [1-4]. This theoretical model will also help in building an intuitive 
understanding of the behavior of the fields inside dielectric materials in the near-field of an 
open-ended rectangular waveguide probe. A near-field microwave image is the result of 
several factors such as probe type (example rectangular waveguide, circular waveguide or 
coaxial line), field properties (Le. main lobe, sidelobes and half power beam width, etc.), 
geometrical and physical properties of both the defect and the material under inspection. 
Thus, in order to characterize a defect, the effect of all non-defect factors needs to be taken 
out of an image. One of the dominant non-defect factors which influences an image 
significantly is the radiator field properties. Thus, it is essential to formulate the properties of 
the fields radiating out of an open-ended rectangular waveguide in its near-field. This 
knowledge will aid in formulating the forward problem when imaging a defect, and will be 
used to solve the inverse problem for obtaining defect properties. In this paper fields 
radiating out of an open-ended rectangular waveguide, into an infmite half-space of a 
dielectric material, are calculated and used to explain some of the features observed in 
experimental near-field microwave images. 
THEORETICAL MODELING 
The geometry of an open-ended rectangular waveguide with respect to the 
coordinate system is shown in Figure 1. Figures 2 and 3 show some experimentally 
obtained microwave near-field images for two different kinds of defects. Figure 2 shows 
an image of a 58 mm x 18 mm area on an epoxy resin disk with three 6.35 mm in diameter 
pill like porosity inclusions with porosity percentages of, 44%, 49% and 56%, respectively 
[2]. Using near-field microwave imaging at a frequency of 34.8 GHz the three defects 
were distinctly detected. The intensity level at the centers of the pills has a trend that agrees 
with the trend of the air content variations, which indicates the possibility of a quantitative 
estimate of air content of each pill. The center-to-center distances on the image match the 
physical distances well. 
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Figure 1. An open-ended rectangular waveguide. 
Also, the size of each inclusion matches well the physical size in the sample indicating high 
spatial resolution. Furthermore, there are ring like features around each pill. It is assumed 
that these features are due to the effect of sidelobes of the radiator, or due to the edge 
effects of the defects, or a combination of both. Figures 3 a,b show two images of an 80 
rom x 80 rom area on a glass reinforced plastic composite with an 0.8 rom thick square 
(6.35 rom x 6.35 rom) aluminum inclusion [1]. These two images were obtained using the 
same probe at a frequency of 9.2 GHz and a standoff distance of 3.8 rom. The difference 
between the two images shown is the orientation of the scanning probe (i.e. polarization of 
the electric field). In the first image the electric field was parallel to the vertical axis (i.e. the 
narrow dimension of the waveguide is parallel to the vertical axis). The second image was 
obtained with the electric field parallel to the horizontal axis (Le. the narrow dimension of 
the waveguide is parallel to the horizontal axis). As expected, with both alignments the 
aluminum defect was easily detected. In both images we notice the presence of some 
features along the broad dimension of the waveguide. Again, these features are due to 
either sidelobes or edge effects of the aluminum inclusion or a combination of both. These 
images illustrate the importance of understanding the properties of the near-field properties 
(electric and magnetic fields) of an open-ended rectangular waveguide. 
The problem of radiation from an open-ended rectangular waveguide has been 
considered by several investigators [5-7]. In this work a formulation similar to that used in 
[7] was used to obtain the electric field and power patterns in an infinite half-space of a 
dielectric material in front of an open-ended rectangular waveguide. The formulation is 
general and accounts for the dominant as well as higher order modes. This analysis 
assumes an infinite flange at the aperture of the waveguide. Fourier integrals were used to 
express the fields in the dielectric layer to satisfy the wave equation solution in the material. 
The fields inside the waveguide are expanded in terms of the guided and evanescent modes. 
After applying the continuity of the tangential fields at the aperture of the waveguide an 
integral equation is obtained. This integral equation is solved by expressing the unknown 
electric field in terms of the waveguide mode fields. Thus, the electric field can be 
expressed as: 
(1) 
where 
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Figure 2. Near-field microwave image at 34.8 GHz of the epoxy resin sample with three 
different levels oflocal porosity. 
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Figure 3. Near-field microwave images at 9.2 GHz of the glass reinforced plastic 
composite with an aluminum inclusion. 
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(2) 
where Ax, Ay, Bx and By are coefficients known after applying the continuity of the 
I 2 2 2 
tangential fields at the aperture of the waveguide and "( = Vkx + ky - k [7]. 
RESULTS 
The electric and magnetic fields were calculated as a function of location, frequency 
and dielectric properties of the material inside an infinite dielectric half-space. Then the 
power distribution as a function of location inside the material was calculated. Figure 4 
shows the nonnalized power pattern in the xy-plane (front view) at z = 1 mm inside the 
material (each level represents ",3 dB difference). The calculation was done at a frequency of 
24 GHz (waveguide dimensions are a = 10.67 mm and b = 4.32 mm) in a dielectric material 
with dielectric constant Er = 2.5 - jO.5. It is clear that the fields are confined within the 
dimensions of the waveguide and they broaden after some distance in the material. This 
explains why a defect size on an image matches the actual physical size closely, and that is 
why distances between the pill centers in Figure 2 match well their physical distances. Also, 
the impression of sidelobes forming along the broad side of the waveguide partly explains the 
features pointed out earlier on both images and notice that no sidelobes exist along the narrow 
side of the waveguide which explains why we see the features only on two sides in Figures 3 
a,b. The fact that sidelobes exist along the broad dimension of the waveguide can be used to 
obtain the shape and orientation of a defect. To inspect the effect of the dielectric constant on 
the field distribution, the nonnalized electric field patterns in the xy-plane at z = 1 mm were 
calculated for two different materials. Figure 5 shows the results for two materials with the 
dielectric properties Erl = 2.5 - jO.5 and Er2 = 10 - jO.5, respectively. As expected, both main 
and sidelobes of the pattern got narrower in the higher dielectric material. Also, the levels of 
the sidelobes drop faster as the dielectric constant of the material increases. 
CONCLUSIONS 
Near-field microwave imaging is a very powerful NDT tool for inspecting the 
integrity of dielectric composite materials. Experimental and theoretical results have shown 
that very high resolutions are obtainable in all dimensions. To interpret the information in a 
near-field microwave image we need to understand the effect of all the factors influencing the 
formation of the image. One of the prime factors influencing an image is the near-field 
properties of the radiator. As a first step, the properties of the radiator are investigated and 
used to explain some of the features on a microwave image. The effect of the sidelobes is 
now understood and can be used to obtain information about the shape and orientation of a 
defect. 
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Figure 4. The normalized power pattern in the xy-plane at z = 1 mm at 24 GHz inside a 
material with Er = 2.5 - jO.5. 
mm 
Figure S. The normalized electric field pattern in the xy-plane at z = 1 mm at 24 GHz 
inside materials with Erl = 2.5 - jO.S and Er2 = 10 - jO.S, respectively. 
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